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r ( ) . $t^{*}=0$ ,
, $\overline{r}_{b}$ $(\overline{r}_{b} =r_{b}+a)$ , $a$ ,















2 , $\alpha$ ,
$\alpha\equiv\frac{r_{a}}{\overline{r}_{b}}$ (2)
. . , $\alpha=0$ ,
, $\alphaarrow 1(\Omegaarrow\infty)$
. , $\Omega$ .
$\Omega\equiv\frac{\overline{r}_{b}\omega}{c_{0}}$ (3)





, Reynolds $Re$ ,
$Re \equiv\frac{(\gamma+1)c_{0}u_{0}}{\delta\omega}$ (5)
. , $\gamma$ , $u_{0}$ , $u_{0}=a\omega$




$\rho_{0}$ , $c_{0},$ $\pm f$] $p_{0}$
.
$r= \frac{r^{*}}{\overline{r}_{b}’}$
$t= \frac{c_{0}}{\overline{r}_{b}}t^{*}$ , $u= \frac{u^{*}}{c_{0}}$ , $\rho=\frac{\rho^{*}}{\rho_{0},}$ $p= \frac{p^{*}}{\rho_{0}c_{0}^{2}}$ , $E= \frac{1}{2}\rho u^{2}+\frac{p}{\gamma-1}$ (6)




$\frac{\partial\rho}{\partial t}+\frac{\partial}{\partial r}(\rho u)=-\frac{\rho u}{r}$ (7)
$\frac{\partial(\rho u)}{\partial t}+\frac{\partial}{\partial r}(p+\rho u^{2})=-\frac{\rho u^{2}}{r}$ (8)




$r=1- \frac{M}{\Omega}\cos\Omega t$ $u=M\sin\Omega t$ (11)
. , , (7)$-(9)$ .
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, $\alpha$ Mach $M$
, . $\Omega$ ,
(4) ( ) . ,
, $(\alpha=0.1, M=1\cross 10^{-4})$
, MacCormack , Osher 4
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3.1 $\alpha=0.1,$ $M=1\cross 10^{-4}$
( ) $\text{ }$ ,
, ,
. , $\alpha=0.1,$ $M=1\cross 10^{-4}$ ,
.
Cycles
2: $\alpha=0.1,$ $M=1\cross 10^{-4}$ $(r=\alpha=0.1)$
3: 300 (a) (b) $\alpha=0.1$ , $M=1\cross 10^{-4}$ ,
$\Omega t=2n\pi+\psi(n=300)$ , $\}$ (1) $\psi=0$ , (2) $\psi=\pi/4$ , (3) $\psi=\pi/2$ , (4) $\psi=3\pi/4$ ,











, $n$ $\Omega t=2n\pi+\psi$ , $\psi=0$
$\psi=7\pi/4$ $\pi/4$ . $r=\alpha$
. $3(\mathrm{a})$ , ,
.
( 300 ) $3(\mathrm{b})$
. ,
, .
3.2 $\alpha=0.1,$ $M=1\cross 10^{-2}$
$\frac{p-p_{0}}{M^{1/3}}$
Cycles
4: $\alpha=0.1,$ $M=1\cross 10^{-2}$ $r=\alpha$
, $\alpha$ 0.1 , Mach $(M=1\cross 10^{-2})$
.
4 , 200
. , , $M^{1/3}$ 5. ,
$M^{1/3}$ 4 . , 20
, , ,
. , , .
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5: (a):10 , (b):100 $(\alpha=$
$0.1,$ $M=1\cross 10^{-2})$
$n=10,100$ ($n$ ) 5 . $5(\mathrm{a})$
, 4 ($n=10$ ) ,
. , ,
,




. , , $r$
$r$ .
, , .
3.3 $\alpha=0.9,$ $M=1\cross 10^{-4}$
6 , $\alpha=0.9,$ $M=1\cross 10^{-4}$ . $\alpha=0.9$




, , 50 , 100
7 . $7(\mathrm{a})$
, . , 6
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Cycles
6: $\alpha=0.9,$ $M=1\cross 10^{-4}$ $r=\alpha$




8: $\alpha=0.9,$ $M=1\cross 10^{-2}$ $r=\alpha$




6 7 , 100 ,
,
.
3.4 $\alpha=0.9,$ $M=1\cross 10^{-2}$










. $9(\mathrm{a})$ , 5
. , ( 10 ,
$9(\mathrm{b}))$ , , .
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(a) Mach $M$ , >‘‘5 ‘ ,
. , .
(b) l-(a) , $O(M^{1/3})$ .
(c) $M$ $\langle$ , $\ovalbox{\tt\small REJECT}\grave{\grave{>}}$ { ,
, .
2. $\alpha$ , $r$ ,
, , $\alpha$ ,
.
3. $r$ ( ) ,
. $\alpha$ .
, , .
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